Introduction {#sec0005}
============

Middle East respiratory syndrome (MERS) was first reported from Saudi Arabia in 2012, in the patient's respiratory samples with severe pneumonia leading to acute respiratory distress syndrome and death [@bib0005]. Since September 2012, 27 countries have reported cases of MERS and WHO has been notified of 2079 laboratory-confirmed cases with at least 722 deaths by the end of August 2017 [@bib0010]. MERS coronavirus (MERS-CoV) is a novel virus that belongs to the family Coronaviridae and the genus Betacoronavirus causes the disease [@bib0015]. Human-to-human transmission appears to be limited to family and health care settings [@bib0020]. In general, a significant proportion of the cases are suspected to be a result of zoonotic transmission. Serological evidence of MERS-CoV infection of dromedaries was reported from Saudi Arabia, United Arab Emirates (UAE), Oman, Qatar, Jordan, Pakistan and Africa [@bib0010], [@bib0025], [@bib0030]. In addition, MERS-CoV RNA has been detected in nasal swabs of dromedaries in Qatar, Oman, Saudi Arabia, Egypt and UAE [@bib0010], [@bib0030], [@bib0035], [@bib0040]. Moreover, widespread circulation of different genetic variants of MERS-CoV in camels, with geographic clustering of human and camel MERS-CoV sequences [@bib0030], [@bib0045]. Few studies have provided evidence for zoonotic transmission of MERS-CoV from camels [@bib0030], [@bib0050], [@bib0055], but the mechanisms of direct or indirect zoonotic transmission have yet to be known.

Recently, OIE has certified BIONOTE^®^ Rapid MERS-CoV Ag assay for the qualitative detection of MERS Coronavirus antigens from nasal swabs in dromedary camels with high virus titer (herd test) and as a complementary test, to estimate spread of infection to facilitate risk analysis, e.g. surveys, herd health schemes and disease control programs [@bib0060].

In this study, MERS prevalence rates in relation to locations and seasons were investigated in livestock markets and slaughterhouses in Saudi Arabia. Moreover, the sensitivity and specificity of the BIONOTE^®^ Rapid MERS-CoV Ag test was assessed compared with the real-time reverse transcriptase PCR (rtRT-PCR).

Materials and methods {#sec0010}
=====================

Sampling {#sec0015}
--------

This study was conducted from December, 2015 to August, 2017 at the Ministry of Environment, Water and Agriculture (MEWA), Riyadh, Saudi Arabia. A total of 698 dromedary camels were examined including 435 animals in the livestock markets (Jeddah, Al-Gandria, Al-Toki, Arar and Najran) and 263 animals in South Riyadh slaughterhouse ([Table 1](#tbl0005){ref-type="table"} ). Two swabs were collected from each camel, one on viral transport media (COPAN Italia, Italy), examined for rtRT-PCR and the second swab on the buffer of Rapid MERS-CoV Ag test.Table 1Prevalence and seasonality rates of MERS-CoV infections in livestock markets and slaughterhouses in Saudi Arabia.Table 1No of samplesTime of samples collectionNo of positive samples by BIONOTE^®^ RapidPrevalence rate (%)No of positive samples by RT-qPCRPrevalence rate (%)χ2 testP-valueRegionJeddah livestock market (Jeddah)112December 20154338.1%9585%369.230.0000^\*^Al-Ganderia livestock market (Riyadh)100April 20162424%3333.7%Arar livestock market (Northern boundaries)20June 201600%210%Najran livestock market (Najran)14May 2016214.3%428.6%Al-Toki livestock market (Riyadh)50January 20171938%3876%South Riyadh slaughterhouse (Riyadh)226January--February 201710245.1%20791.5%Al-Toki livestock market (Riyadh)35May 2017411.4%720%Al-Toki livestock market (Riyadh)104August 201700%54.8%South Riyadh slaughterhouse (Riyadh)37August 201712.7%38.1%SeasonWinter537December--May18935.2%38471.5%214.820.0000^\*^Summer161June--August63.7%106.2%Age\<2 years42315636.9%30371.6100.690.0001^\*^\>2 years2753914.2%9133%[^1][^2]

All collected nasal swabs from dromedaries on viral transport media, were transferred to the Riyadh veterinary laboratory within 24--72 h after collection to be investigated for MERS-CoV RNA by rtRT-PCR.

Camels less than two years of age were considered young, while those over two years old were considered adult. The majority camels in slaughterhouses were young (less than 2 year age). Sampling procedures were approved by the Ethics Committee of the MEWA, Saudi Arabia.

Detection of MERS-CoV by Rapid MERS-CoV Ag assay {#sec0020}
------------------------------------------------

BIONOTE^®^ Rapid MERS-CoV Ag Test Kit is a qualitative test. It was performed for all samples according to the manufacturing protocol. Briefly, the camel nasal swabs were transferred directly into a tube containing the assay diluents. The test strip was then placed into the test tube, with the arrows on the strip pointing down, and the results were read after 15 min. The test was considered negative when only the control (C) line appeared, whereas it was considered positive when both the test line (T) and the control line (C) appeared. In the absence of the control line (C), the test was considered invalid.

Detection of MERS-CoV by rtRT-PCR and genome sequencing {#sec0025}
-------------------------------------------------------

MERS-CoV RNAs were extracted from nasal samples by Qiagen viral RNA extraction kit, according to the manufacturer's protocol (Qiagen GmbH, Hilden, Germany). The rtRT-PCR targeting upstream gene (UpE) of MERS-CoV was used for screening [@bib0065]. Confirmation was done using the open reading frame (ORF) 1a. 5 μL of extracted RNA was subjected to rtRT-PCR using UpE primers using a LightMix Molecular Dx MERS-CoV upE kits (Roche) according to the manufacturer's protocol. All positive samples by the UpE assay were then confirmed by ORF1a, previously described [@bib0070].

To investigate the genetic relationship between the ten MERS-CoV isolates and other strains whose genomes are available in GenBank, the whole-genome for ten positive rtRT-PCR samples {Riyadh (5) and Jeddah (5)} were Ion Torrent sequenced according to the primer/amplicon combinations (123 sequencing reactions) as described earlier [@bib0075]. The evolution analysis based on full genome sequencing of MERS-CoV was carried out with MEGA7. The evolutionary distances were estimated by means of the Neighbor-Joining method, based on Kimura 2-Parameter method. Bootstrap analyses were performed with 1000 repeat samples of the data sets [@bib0080].

Data management and statistical analysis {#sec0030}
----------------------------------------

Data collected from the study animals were entered in a Microsoft excel sheet, then imported into the statistical Package for Social Sciences (SPSS) for windows^®^ Version 22.0 (SPSS Inc., Chicago, Illinois) for statistical analyses appropriate for each variable. The association between MERS-CoV prevalence in camels and the study variables (location, Season and age) were analyzed using the 2-tailed chi-square test and logistic regression model. The statistical significance was considered when P ≤ 0.05.

Results {#sec0035}
=======

Detection of MERS-CoV by Rapid MERS-CoV Ag assay {#sec0040}
------------------------------------------------

The results of Rapid MERS-CoV Ag assay showed that positive samples of MERS-CoV were 23 in Jeddah livestock market, 14 in Al-Gandria, 13 in Al-Toki, 2 in Najran, 58 in South Riyadh slaughterhouse and no positive samples were recorded in Northern boundaries ([Table 1](#tbl0005){ref-type="table"}). In general, the prevalence of MERS infection in camels in animal markets and slaughterhouses by rapid screening assay showed 15.8%.

Detection of MERS-CoV by rtRT-PCR and genome sequencing {#sec0045}
-------------------------------------------------------

MERS-CoV RNA detection rate by rtRT-PCR from nasal swabs was showed that 95 positive samples for MERS-CoV RNA in Jeddah market, 33 samples in Al-Ganderia market, 50 in Al-Toki market, 2 in Northern boundaries market, 4 in Najran market and 210 in South Riyadh slaughterhouse ([Table 1](#tbl0005){ref-type="table"}). In general, the prevalence of MERS infection in camels in animal markets and slaughterhouses by rtRT-PCR was 56.4%.

The genomic sequences obtained from ten camel's nasal samples, were assembled with MERS-CoV genomic sequences obtained from the GenBank. The analysis showed complete similarity between MERS-CoV camel isolates and MERS-CoV sequences recovered from human cases ([Fig. 1](#fig0005){ref-type="fig"} ).Fig. 1The evolutionary analysis of full genome sequences of ten MERS-CoV isolates recovered from camels using MEGA7. The ten MERS-CoV camel samples were aligned with MERS-CoV reference strains retrieved from the GenBank. The analysis was inferred using the Neighbor-Joining method and distance calculations were computed using Kimura 2-Parameter method. Sequences from the current study are indicated by solid circle.Fig. 1

Evaluation of Rapid MERS-CoV Ag assay with rtRT-PCR {#sec0050}
---------------------------------------------------

The Rapid MERS-CoV Ag assay was used to examine 698 camel nasal swabs compared to rtRT-PCR. 195 nasal swabs were positive in the Rapid screening assay showing Rapid specificity of 100%. In addition, 199 nasal samples that were negative in the Rapid assay compared to rtRT-PCR, showed Rapid assay sensitivity of 49.49% ([Table 2](#tbl0010){ref-type="table"} ).Table 2Evaluation of Rapid immunochromatographic assay with real-time PCR.Table 2Real-time PCR+ve samples−ve samplesTotal samplesRapid IC assay+ve samples1950195−ve samples199304503Total samples394304698Sensitivity%49.49%Specificity%100%

Effect of seasonality and age on the prevalence of MERS-CoV infection {#sec0055}
---------------------------------------------------------------------

The result revealed that a high prevalence rate of MERS infection in winter months, ranging from 20% in Al-Toki livestock market (May, 2017), 28.6% in Najran market, 33.7% in Al-Ganderia market, 76% in Al-Toki market (January, 2017), 85% in Jeddah market to 91.5% in South Riyadh slaughterhouse.

The prevalence of MERS infection showed a decreased pattern in summer months ranging from 4.8% in Al-Toki livestock market (August, 2017), 8.1% in South Riyadh slaughterhouse (August, 2017) to 10% in Arar livestock market.

The overall prevalence of MERS-CIV RNA in dromedaries in summer mothers (June--August) were lower either by Rapid assay (0.62%) or by rtRT-PCR (6.2%) in comparison to higher prevalence rates in winter months (December--May) by Rapid assay (20.3%) or by rtRT-PCR (71.5%) ([Table 1](#tbl0005){ref-type="table"}).

The prevalence rates of MERS-CoV RNA were significantly higher in young animals (\<2 years of age) indicating increased infection of young camels and high rates of positive samples recorded either by Rapid assay (22.3%) or by rtRT-PCR (71.6%). While MERS-CoV RNA prevalence rates were lower in dromedaries \>2 years of age either by Rapid assay (5.8%) or by rtRT-PCR (33%) ([Table 1](#tbl0005){ref-type="table"}).

Discussion {#sec0060}
==========

Dromedary camels are likely to be the primary source of Middle East respiratory syndrome virus (MERS-CoV) infection in humans. The routes of direct or indirect zoonotic transmission are yet unknown. In this study, the prevalence rates of MERS-CoV were investigated in dromedaries at the livestock markets and slaughterhouse in Saudi Arabia. This study was based on the screening of nasal swab samples by BIONOTE^®^ Rapid MERS-CoV Ag Test Kit and by real-time PCR assay targeting the UpE and ORF1a genes and characterizing genetic diversity of the MERS-CoV genome sequences.

The presented study showed that high rates of MERS-CoV infection among dromedary camels in livestock markets and slaughterhouses in Saudi Arabia. The overall prevalence of MERS infection in camels in livestock markets and slaughterhouses by rtRT-PCR was 56.4%. Previous studies reported a prevalence of 29.2% of MERS-CoV infection in Al-Ahsa Province slaughterhouse [@bib0085]. Also a high proportion of 59% of dromedaries (62/105) shed MERS-CoV RNA in the central Doha animal market and adjoining slaughterhouse in Qatar [@bib0090]. In Egypt, the MERS-CoV RNA prevalence in nasal swabs at slaughterhouses was 14.7% % among 584 camels [@bib0035].

The analysis of the obtained data based on the season demonstrated that high MERS infection rates in winter months, varied from 20% in Al-Toki livestock market to 91.5% in South Riyadh slaughterhouse. While, the prevalence of MERS infection showed a decreased pattern in summer months varied from 4.8% in Al-Toki livestock market to 10% in Arar livestock market. In general, prevalence rate of MERS infection in camels in winter months by rtRT-PCR was 71.5% and summer months was 6.2%. In addition, the analysis of the data based on age showed that young camels (\<2 years of age) had higher prevalence of MERS-CoV RNA (71.6%) compared with adult camels (\>2 years of age) (33%), indicating increased rates of MERS-CoV infection of young camels. These results were in agreement with the previous reports, showed that the MERS-CoV infection in camels was recorded in winter season and young age camels appear to be the highest risk of MERS-CoV infection [@bib0025], [@bib0030], [@bib0035].

The sequences of MERS-CoV genome were aligned with reference sequences obtained from the GenBank. The phylogenetic analysis was performed using MEGA7. Genetic analysis revealed a complete identity between camel MERS-CoV isolates from Riyadh and Jeddah regions and MERS isolates recovered from human patients. The similarity of MERS-CoV sequences recovered from camels and human patients indicating the increased risk of potential zoonosis and camels act as intermediate hosts transmitting the virus to humans. These results are consistent with many previous studies [@bib0030], [@bib0045], [@bib0050].

The performance of commercial Rapid MERS-CoV Ag assay to detect MERS-CoV antigen was compared with the MERS UpE and open reading frame 1a (Orf1a) real-time reverse transcriptase PCR (rtRT-PCR) assay in camel nasal swabs. The data showed that Out of the 698 camel nasal swabs tested, 195 were MERS-CoV positive and 503 were negative by the ICA, while 394 were positive and 304 were negative by the UpE and Orf1a real-time RTPCR, therefore, the sensitivity and specificity of the ICA compared to those of the real-time RT-PCR were 49.49% and 100%, respectively. Previous reports recorded sensitivity and screening quality of the ICA assay found to be 93.9% and 100%, respectively, compared with that of rtRT-PCR. Also they reported that the ICA was less sensitive for the detection of MERS-CoV antigen (10^5^ TCID50) than was the UpE real-time PCR (10^4^ TCID50). The difference between the assay sensitivities might be regarded to the release of subgenomic RNA after the onset of cytopathogenic effect (CPE) in cell culture, including the UpE target fragment, as previously reported [@bib0065], [@bib0070], [@bib0095]. Also the Rapid MERS-CoV Ag assay cannot detect MERS-CoV loads \< 10^4^ or Ct value \>30. Previous report pointed out that the MERS-CoV rtRT-PCR assay is the specific assay for molecular studies in a variety of animal species and human [@bib0060], [@bib0065]. Overall, rapid screening tests are less sensitive than are confirmatory tests; however, the advantages of using rapid screening tests are the high throughput and rapid turnaround time, without requirements of sample preparation and the use of special equipment. Therefore, the ICA is considered satisfactory to be used for screening camel herds against MERS-CoV antigen across animal markets, and slaughterhouses, followed by a confirmatory test for positive samples.

In conclusion, the high prevalence of MERS-CoV infection among dromedary camels in livestock markets and slaughterhouses, especially in winter months and young age animals, should be considered as high-risk areas for zoonosis, especially for peoples with professional contact with live camels and their bodies. In addition to these locations are the drivers of MERS-CoV circulation.
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[^1]: Non significant difference at (P \> 0.05).

[^2]: Significant difference at (P ≤ 0.05).
